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ABSTRACT

The study approach was designed to analyze beforehand the floristic composition of the weed flora of some citrus orchards in the agricultural basin of
Tlemcen and draw up an exhaustive inventory to show the difference between the floristic composition of the weeds at the row level compared to the
inter-row of citrus orchards, based on aCorrespondence Factor Analysis (CFA)of the flora readings. The floristic inventory consisted of 85 species,
belonging to 35 botanical families, and 71 genera. The best-represented families were Asteraceae (12.94%), Poaceae (12.94%), and Fabaceae (9.41%).
This flora was dominated by dicotyledonous, Mediterranean taxa, and therophytes as the most represented biological spectrum, thus confirming a
tendency to therophytization. The CFA revealed the existence of a significant difference between the floristic composition of weeds in row and inter-
row in citrus orchards with the recognized species Melia azedarach L. and Convolvulus althaeoides L. as bio-indicators of this distinction which were

only present in the rows of the studied citrus orchards.
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INTRODUCTION

The cultivated lands are characterized by a flora, often referred to
as “weeds”, in English, “mauvaises herbes” or “adventices’, in
French. Weeds are herbaceous or woody plants that grow in
unwanted places. Weeds are often considered the biggest obstacle
to agricultural production because they are adapted to the same
soil and climate conditions as crops. Therefore, practices that
promote crop cultivation also promote the growth of weeds.

The concept of biodiversity is associated with weeds in cultivated
lands. Citrus orchards are irrigated crops offering very favorable
conditions for weeds to thrive. The diversity and richness of the
floristic composition of the citrus weed flora captivated the
attention of many researchers, representing a good example of
the study of plant diversity (Mashaly and Awad, 2003, Le Bellec,
2015, Gomaa, 2017). Not only but also, because the
identification of weeds is a primordial step before adopting any
weeding management strategy (Nirmaljit and Rattanpal, 2017).
Moreover, many studies have been undertaken to study the citrus
weed flora, focusing on its floristic composition (Mashaly and
Awad, 2003, Chafic et al., 2013, Gomaa, 2017), diversity(Kiran
Kumar and Kiran Babu, 2019), ecology and characterization of
weed communities (Le Bellec, 2015, Serag et al., 2015,

Hannachi, 2019) and its evolutionary changes (Protopapadakis,
1985). Along with the different weeding strategies and soil
management in relation to its biodiversity (Antunes et al., 2005,
Mas and Verdd, 2005, Shweta et al., 2018). In citrus orchards,
competition between weeds and young trees occurs mainly for
limited resources (nutrients, water, light, and space). In addition,
weeds harbor insects and rodents that attack citrus trees (kazi
Tani, 2010, Nasr et al. 2013). In the literature, different weeding
methods were discussed, mechanical, chemical, mulching, and
covering crops (Sharma and Singh, 2006, Verdu and Mas, 2007,
Jannoyer, 2011, Emre Kitis et al., 2017). Inside the same citrus
orchard, the composition and distribution of the weed flora is
affected by several factors: climatic variables, altitude, soil
properties and the weeding methods (Onen, 2018, Al-Qahtani,
2019, Chemouri et al., 2019).

The objective of this study was to analyze the floristic
composition of the citrus weed flora and to show whether there is
a difference between the floristic composition of weeds located in
rows and those in the inter-rows based on a statistical analysis of
the floristic readings arried out in these different locations, in the
rows and inter-rows.
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MATERIALS AND METHODS
Study area

The study of the citrus weed flora in the agricultural basin of
Tlemcen (Northwest of Algeria) was based on the execution of
floristic inventories. A total of sixteen citrus orchards, located in
four regions, Sidi Abdeli, Bensekrane, EI Fhoul, and Ain Youcef
were selected (Figure 1). The four regions are located on the
interior plains of Tlemcen,mainly formed by flat

T

geomorphological structures, which oscillate between 200 and
400meters above sea level. The terraces of these plains have
fertile soil and are intended for agricultural purposes. Oued Tafna
and Oued Isser drain this sector. The basin of Tlemcen is
dominated by a Mediterranean, semi-arid climate with a
moderate winter. A semi-continental influence with a seasonal
pattern of precipitation of the HPAE type [Winter (H), Spring
(P), Autumn (A), and Summer(E) marks this region. Citrus
growing is an irrigated crop and is mainly concentrated around
the irrigated perimeters of Tafna, Isser, and Sekkak.
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Figure 1. Location of the studied regions in the agricultural basin of Tlemcen (Northwest of Algeria).

Floristic data

The citrus orchard was considered a homogeneous operating
unit (same technical itinerary) and a homo-ecological zone
(one management unit). Sixty-four flora readings were taken,
from March to May 2014, asstated by the method of Braun-
Blanquet (1951) and Guinochet (1973). The minimal area was
30 m? as recommended by Sorenson (1948) for studying
perennial crops.The floristic readings achievedwere located
inside each of the citrus orchards so that two readingswere
taken at the level of the rows and two others on the inter-
row.A presence-absence index was assigned to each species
found.

Floristic and statistical analyses

To study the citrus orchard's biodiversity, two complementary
approaches were wused, an approach relating to the
characterization of floristic diversity through the identification
of the taxonomic families of the species inventoried, their
biological types, biogeographic distribution,and their modes of
seed dispersal.

For the identification and the biogeographical distributionof
the inventoried species, thenew flora of Algeria and southern
desert regions (Quézel and Santa, 1962-1963) was utilized.The
biological spectrum was determined according to the
biological classification of plants proposed by Raunkiaer
(1905, 1934). In addition, the perturbation index (IP) was
calculated to quantify the therophytization of the studied
environment, as calculated by Loisel et al. (1993). The
formula mentioned below was used:

IP (%) = [(Number of Chamaephytes + Number of
Therophytes) / Total number of species]

The second approach was statistical,based on realizing a
Correspondence Factor Analysis (CFA), using the software
Minitab 16 to determine whether there is a difference between
the floristic composition of weeds in rows and those in the
inter-rows. To facilitate data processing, a number was
assigned to each survey and a three-letter code was assigned to
each species inventoried.

48



Chemouri et al, 2024

UMAB PoLSMER

The first two letters indicate the genus; the last letter indicates
the first letter of the adjective of the genus, for example,
Avena sterilis L. (Avs).

RESULTS AND DISCUSSIONS

Floristic composition

The floristic analysis aimed to characterize the richness of the
weed flora of citrus orchards from a taxonomic and biological
point of view. From the 64 floristic readings conducted, 85
weed species were inventoried, which were all angiosperms,
belonging to 35 botanical families, and 71 genera (Table 1).
With a rate of 81.18% (69 species), dicotyledonous
contributed to the citrus weed flora. In contrast, 18.82% (16
species) represented the contribution of monocotyledonous.
Similar findings for the dominance of dicotyledonous in the
citrus weed flora have been previously reported (Chafik et al.,
2013, Nasr et al., 2013, Shweta et al., 2018). In addition, Kazi
Tani et al. (2010) also highlighted their dominance in the weed
flora of the Oranian phytogeographic territory (Northwest
Algeria).

The best-represented families were Asteraceae (12.94%),
Poaceae (12.94%), and Fabaceae (9.41%)(Table 1). These
same botanical families have been reported as dominant in the
Oranian phytogeographic sector (Kazi Tani et al., 2010), with

Tablel.Total botanical families contribution.

a slightly different ranking (Asteraceae, Fabaceae, Poaceae,
representing together 39%). Our findings are in concordance
with some research already conducted on citrus weed flora,
reporting the dominance of Poaceae and Asteraceae with very
close rates (Mashaly and Awad, 2003, Nasr et al., 2013,
Cristaudo et al., 2015). Moreover, Asteraceae, Poaceae, and
Fabaceae are the three botanical families repeatedly mentioned
in the literature as most represented in citrus weed flora
(Bensellam, 1997, Chafic et al., 2013, Onen et al., 2017,
Gomaa, 2017).

On the other hand, the weeds botanical families with low
presence rates of around 1% were defined by some families,
e.g., Aristolochiaceae, Cucurbitaceae, Labiaceae, etc. (Table
1). The species representing Oleaceae (Olea europea L.),
Palmaceae (Chamaerops humilis L.), Ulmaceae, (Celtis
australis L.), Araliaceae (Hedera helix L.), Meliaceae (Melia
azedarach L.), Rhamnaceae (Ziziphus lotus (L.) Desf.) are
either phanerophytes or nanophanerophytes which is an
accidental case to find inside a citrus orchard. The
introduction of these species is probably due to ornithochory
which is the principal mode of dispersal of species with fleshy
fruits. These species are recognized by the fact that they are all
apophytes of orchards and vineyards (Kazi Tani, 2010,
Chemouri and Belmir, 2013).

Botanical families Genera Number of species Contribution (%)
Asteraceae 11 11 12.94
Poaceae 8 11 12.94
Fabaceae 7 8 9.41
Apiaceae 4 5 5.88
Solanaceae 3 3 3.53
Rosaceae 3 3 3.53
Convolvulaceae 1 3 3.53
Malvaceae 1 3 3.53
Araceae 2 2 2.35
Brassicaceae 2 2 2.35
Papaveraceae 2 2 2.35
Boraginaceae 2 2 2.35
Euphorbiaceae 2 2 2.35
Polygonaceae 2 2 2.35
Amarantaceae 1 2 2.35
Chenopodiaceae 1 2 2.35
Geraniaceae 1 2 2.35
Liliaceae 1 2 2.35
Fumariaceae 1 2 2.35
Araliaceae, Aristolochiaceae, Cucurbitaceae,

Meliaceae, Oleaceae, Labiateae,

Caryophylaceae, Oxalidaceae, Rhamnaceae, 1 for each 1 for each 1.18for each

Palmaceae, Portulacaceae, Primulaceae,
Rubiaceae, Scrophulariceae, Ulmaceae, and
Urticaceae.
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Biological spectrum

Figure 2 presents the biological spectrum established for the inventoried weeds inside the citrus orchards, which was of the type:
Th.>He.>G.> Ch.>Ph.>Nph. Therophytes (Th.) dominated over the other biological types capitalizing alone more than half (Th.,
58.82%), followed by hemicryptophytes (He., 16.47%) and geophytes (G., 11.76%). Chamaephytes (Ch., 5.88%), phanerophytes (Ph.,
4.71%) and nanophanerophytes (Nph., 2.35%) were in the last positions (Figure 2). Chafic et al. (2013) and Kazi Tani et al. (2010)
reported the dominance of Th. Furthermore, recent studies also showed their abundance (Cristaudo et al., 2015, Onen et al., 2017,
Gomaa, 2017, Chemouri et al., 2019). In a separate case, the abundance of perennial and biennial weeds over annuals was registered
by Nasr et al. (2013), which may be due to the difference in weed management strategies which favors perennials and biennials which
adapt to a certain stability of the soil.In cultivated fields, the wide distribution of Th. could be directly related to the high level of
artificiality caused by human influencebut it could be also attributed to the characteristics of the climate, the topographic variation,

and other biotic parameters.

4.71% 2.35%

5.88%

11.76%

= Therophytes (Th)
= Geophytes (G)
= Phanerophytes (Ph)

= Hemicryptophytes (He)
Chamaephytes (Ch)
= Nanophanerophytes (Nph)

Figure 2.Biological spectrum of the inventoried weed species.

Perturbation index (IP)

For the studied orchards, the calculated index was around 65%,
which confirmed that the growing environment in the citrus
orchards is well protected by the farmer and that this index from
this point of view is not perturbation but conservation.

The biological types are an expression of how plants and flora
can adapt to their surroundings. The tendency toward
therophytization, is clear, allowing researchers to confirm that
certain ecological environments can only exist as they do
because the stations under study have an agricultural vocation
that necessitates ongoing human intervention to enhance the
cultivated agricultural product (Raunkiaer, 1905, Quézel, 2000).

Biogeographic distribution

Results depicted in Table 2 showed that the Mediterranean
elements sensu lato dominated the weed flora (63.56%). This
contribution was slightly higher than that (57.64 %) announced
by Kazi Tani et al. (2010) and slightly lower than that (66.77%)
obtained by Chafik et al. (2013). However, the dominance of

Mediterranean elements in citrus orchards has been reported
previously by several scientists (Bensellam, 1997, Mashaly and
Awad, 2003). The studied region is part of the Mediterranean
basin which can clearly explain the abundance of Mediterranean
taxa.

Dissemination of weed seeds

According to the mode of dissemination of weed seed (Figure
3), zoochores dominated the weed flora with a rate of 41.17%,
followed by clitochore at a high rate (36.47%) as well.
Anemochore (14.12%) and myrmecochore (8.24%) were the
following ranks (Figure 3).Zoochores have also been reported as
very frequent in the Oranian phytogeographic sector by Kazi
Tani et al. (2010).The low number of anemochores at the studied
citrus orchards was due to the initial low rate of Th. since this is
the regular mode of dissemination of this biological type. From
an evolutionary point of view, the dispersal strategies adopted
by weeds are a form of adaptation to temporal variations and
environmental conditions.
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Table 2. Biogeographic distribution of inventoriedweed species.

Geographic distribution

Number of species

Contribution (%)

Mediterranean
Mediterranean-Iranian-Turanian
European-Mediterranean
Eurasian

Paleo-Temperate
European-Siberian-Mediterranean
European-Siberian Mediterranean-Iranian-Turanian
Cosmopolitan
Sub-cosmopolitan
Ibero-Mauritanian
Mediterranean-Macaronesian
Circumboreal

North American
Atlantic-Mediterranean
Paleo-Subtropical

Circum- Mediterranean
Mediterranean-Tropical
Western Mediterranean

Thermo cosmopolitan

North Tropical-Temperate
Sub-Mediterranean

Eurasiatic- Macaronesian
Eurasiatic- African
Mediterranean-Sub-Atlantic
North African

South African
European-Siberian

South-east Asiatic

21

PRRPRRPRPRPRPRPPRPRPRPRPNONNMNNNMNNOASBROOO R

24.71
12.94
7.06
7.06
5.88
4.71
4.71
3.53
2.35
2.35
2.35
2.35
2.35
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18
1.18

36.47%

Zoochore Clitochore

Figure 3. Modes of weed seed dispersal.

14.12%

Anemochore

8.24% '

Myrmecochore
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Difference between the floristic composition of the row and inter-row

CFA is a statistical processing that applies to vegetation data. It allows a flat graphic

representation, expressing the relations of

proximity between objects, between variables, and between objects and variables. CFA is a well-known tool allowing a global
approach to obtain a synthetic vision on the one hand between species and on the other hand between species and environmental
factors. According to Table 3, it is noticeable that the inertia rate of axis 1 exceeds 50% and that the difference between the latter and
axis 2 is significantly important. Consequently, the statistical analysis of axis 1 and its ecological significance in the factorial plane

was the only one considered.

Table 3. Inertia ratio of axes 1 and 2.

AXes 1 2

Correct values (species and surveys) 0.6957 0.1380

The ecological significance for the floristic readings factorial plane (F1-F2) of Axis 1

As shown in Figure 4 and Table 4, there was an opposition between flora readings located

in the inter-row of citrus orchards and those

located in the row of this same citrus orchard. Consequently, the criterion of distinction between weed species should be confirmed in
the same species factorial plan of the same axis. Table 4 displays the floristic readings with the high contribution for axis 1 on both
positive and negative sides. As well as species with high contributions for the same axis and on both sides (positive and negative).
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Figure 4. Floristic readings factorial plane (1-2)
Table 4. Floristic readings and species with high contribution for axis 1.
Readings with high contribution for axis 1
Positive side of axis 1 Negative side of axis 1
Reading 60 Reading 35
Reading 39 Reading 15
Reading 64 Reading 16
Species with high contribution for axis 1
Positive side of axis 1 Negative side of axis 1
Sinapis albaL. (Sia) Melia azedarachL. (Mea)
Hordeum murinumL. (Hom) ConvolvulusalthaeoidesL. (Coa)
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The ecological significance for the species factorial plan
(F1-F2) of Axis 1

The ecological significance of the species factorial plan is
shown inFigure 5.0n this axis, an ecological gradient was
noticed, ranging from shaded environments, consisting of Melia
azedarachL. and Convolvulus althaeoidesL. located in
thereadings exclusively in the rows and absent in the inter-rows.
Therefore, from an ecological point of view, define the
environments, from forest and scrub typeto those open with a
thermo-heliophilic character for recognized species of fields and
crops such as Sinapis albalL. and Hordeum murinumL. (Quézel

and Santa, 1963) located with a much greater presence
frequency in the inter-rows than in the rows. To summarize, the
CFA revealed the existence of a significant difference between
the floristic composition of weeds in row and inter-row in citrus
orchards with the recognized species Melia azedarach L. and
Convolvulus althaeoides L. as bio-indicator of this distinction
which were only present in the rows of the studied citrus
orchards.

A2(13,8%)

Brd
(3

M@“Ems
s Ecp

&

Dac

Yabe
T y
Mg d in\\/‘% %rg‘cl

H‘ll
Ana T

Smu
b4 C

C

.II

Mgh C2a Sla
Hom
L]
1(69,57%)
c& Or >
€s
QL o QBrI Lom
[
Bn3 Chc
[
.JToa
Phb
L3

ggo C‘
Brm
L&Jr Fov Apgd

0

1

Figure 5. Species factorial plane (1-2)

CONCLUSION

The present study revealed that the studied citrus weed flora
was rich and diverse, counting 85 weed species belonging to 35
botanical families, and 71 genera. Asteraceae, Poaceae, and
Fabaceae were the most predominant botanical families, and the
Mediterranean taxa remained the most representative
overall. This flora was dominated by dicotyledonous while the
most widespread biological spectrum was represented by
therophytes. In addition, the tendency to therophytizationwas
confirmed. From an ecological point of view, the high
perturbation index of around 65% can be interpreted as an
element of soil conservation of any water deficit.

The CFA showed the existence of a significant difference
between the floristic composition of weeds in row and inter-row
in citrus orchards and that certain species can be exclusively
subservient to a particular presence inside a crop field (example

of Melia azedarach L. and Convolvulus althaoides L. in the
studied citrus orchards). To extend knowledge on this subject,
further studies are recommended for other agricultural
perimeters of Mediterranean citrus orchards.
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